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ABSTRACT: 

PROBLEM TO BE SOLVED: To obtain a plasma nitridation method by forming an 
oxide film on the surface of a semiconductor layer, injecting microwaves onto 
an atmospheric gas which consists substantially of nitrogen gas to produce 
excited nitrogen molecules, nitrogen molecule ions, nitrogen atoms, or nitrogen 
atomic ions, and nitriding the surface of the oxide film with these excited 
members. 

SOLUTION: A silicon semiconductor substrate 20 is fed into a double-pipe 
oxidizing furnace (processing chamber). By mixing hydrogen gas with oxygen 
gas 

at a high temperature, an element isolation region 21 of a LOCOS structure is 
formed, and a silicon oxide film is formed on the surface. Next, the resulting 
substrate 20 is fed to a plasma treatment system. After introducing nitrogen 
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gas into the plasma processing, an atmospheric gas composed of 90% or more of 
nitrogen gas is irradiated with microwaves. Then, excited nitrogen molecules, 
nitrogen molecule ions, nitrogen atoms or nitrogen atomic ions collide against 
the surface of the oxide film in a plasma generating region, which nitrides the 
surface of the oxide film, and thus an insulating film 22 (silicon oxide 
nitride film which becomes a gate insulating film) is formed. As a result, an 
insulating film having superior properties can be obtained. 
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ABSTRACTED- PUB- NO: JP2000332009A 
BASIC-ABSTRACT: 

NOVELTY - Oxide film is formed on the surface of semiconductor layer. 
Microwave is irradiated on the surface of the oxide film in presence of 
nitrogen gas in the atmospheric gas for performing nitriding of oxide film 
surface by nitrogen molecules, nitrogen ions and nitrogen atoms in the excited 
state in the nitrogen gas. Partial pressure ratio of nitrogen gas in the 
atmospheric gas is set to 90% or more. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for the p- 

type 

semiconductor device manufacturing method. 

USE - For manufacture of p-type semiconductor device. 
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ADVANTAGE - Realizes stable plasma nitridina operation and prevents the bad 
influence of ionization promotion gas on the oxide film. Prevents the 
reduction of characteristics such as current drive capability of the 
semiconductor device. Avoids the fluctuation of the threshold voltage of PMOS 
semiconductor device. 

DESCRIPTION OF DRAWING(S) - The figure shows the model partial cross- 
sectional 

view of the insulation film formed on a semiconductor substrate. 
CHOSEN-DRAWING: Dwg.2/4 
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inside of air preferably. It is desirable to consider as concentration which becomes preferably below the range of 
inflammability (below 4.5 capacity % when expressed with capacity % with oxygen) in the inside of oxygen below 4.0 
capacity % again below the range of detonation (below 15.0 capacity % when expressed with capacity % with oxygen) 
in the inside of oxygen. 

[0031] The substrate which should form further insulator layers, such as an epitaxial silicon layer, a polish recon layer 
or an amorphous silicon layer, and a thing by which the semiconductor device was formed in silicon semi-conductor 
substrates or these layers, as a semi-conductor layer not only a silicon semi-conductor substrate called a silicon single 
crystal wafer but on a semi-conductor substrate is meant. Not only when forming an insulator layer in the semi- 
conductor layer formed in a semi-conductor substrate etc. top or the upper part as forming an insulator layer in a semi- 
conductor layer, but the case where an insulator layer is formed in the front face of a semi-conductor substrate is 
included, in addition, a silicon single crystal wafer - a CZ process and MCZ - law and DLCZ - you may be the wafer 
produced by what kind of approaches, such as law and an FZ method, and hydrogen annealing could be added 
beforehand. Moreover, the semi-conductor layer may consist of Si-germanium. 

[0032] The formation approach of the insulator layer of this invention is applicable to formation of the insulator layer 
in various semiconductor devices, such as formation of the gate dielectric film of formation of the gate dielectric film 
of a MOS transistor, an interlayer insulation film, or a component isolation region, a top gate mold, or a bottom gate 
mold thin film transistor, and formation of the tunnel insulator layer of a flash memory. 

[0033] Although it will hardly be in an atomic condition in having used the electromagnetic wave with an industrial use 
frequency of 13.56MHz, nitrogen (N2) will be in an atomic condition in the plasma by microwave (1GHz thru/or 
100GHz), for example, will be excited like the following formulas. That is, the nitrogen content child and nitrogen 
content child ion which the electron which exists in the plasma was excited and were excited by the inelastic collision 
of this and a nitrogen content child, a nitrogen atom, or nitrogen atom ion is generated. Association (when the atom 
which mainly constitutes for example, a semi-conductor layer is Si, it is Si-0 association) with the atom and oxygen 
atom with which these excited nitrogen content children, nitrogen content child ion, a nitrogen atom, or nitrogen atom 
ion mainly constitutes the semi-conductor layer of the front face of an oxide film is cut, a nitriding oxide (for example, 
Si-O-N association) is formed, and the front face of an oxide film is nitrided. The presentation of the front face of an 
oxide film is expressed with SiOXNY when the atom which mainly constitutes a semi-conductor layer is Si. 
[0034] 

N2(Xlsigmag)+ e -> N2(A3sigmau+)+ e Formula (1-1) 
N2(Nlsigmag)+ e -> N2 (C3piu)+ e Formula (1-2) 
N2(Xlsigmag)+ e -> N+(3P) +N+(4S) +e Formula (1-3) 
N2(Nlsigmag)+ e -> N+(3P) +N+ (2D) +e Formula (1-4) 

[0035] Moreover, when adopting a plasma oxidation method, in the oxygen plasma generated by microwave discharge, 
by electronic collision, a ground state 02 (X3sigmag-) is excited by an excitation state 02 (A3sigmau+) or 02 
(B3sigmau-), and is dissociated in an oxygen atom like the following formulas, respectively. 
[0036] 

02(X3sigmag-)+ e -> 02(A3sigmau+)+ e Formula (2-1) 
02(A3sigmau+)+ e -> 0(3P) +0(3P)+ e Formula (2-2) 
02(X3sigmag-)+ e -> 02(B3sigmau-)+ e Formula (2-3) 
02(B3sigmau-)+ e -> 0(3 P) +0(1 D)+ e Formula (2-4) 

[0037] Therefore, an excitation oxygen molecule and an oxygen atom exist in the oxygen plasma, and these serve as a 
reaction kind. If hydrogen H2 is introduced here, the following plasma will generate. 
[0038] H2 + e -> 2H Formula (3) 

[0039] And the oxygen plasma generated by the formula (2-2) among oxygen plasma and the hydrogen plasma 
generated by the formula (3) react, and a steam generates. And the front face of the heated semi-conductor layer 
oxidizes with this steam, and an oxide film is formed in the front face of a semi-conductor layer. 
[0040] 

2H + O (3P) -> H20 Formula (4) 
[0041] 

[Example] Hereafter, with reference to a drawing, this invention is explained based on an example. 
[0042] (Example 1) The conceptual diagram of the plasma treatment equipment of a sheet method suitable for 
operation of this invention is shown in drawing 1 . This plasma treatment equipment consists of gas induction 16A, 
16B, and 16C arranged by the processing room 10, the stage 1 1 in which a semi-conductor layer (it sets in the example 
1 and is the silicon semi-conductor substrate 20) is laid, the magnet 13 arranged in the exterior of the processing room 
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10,'the microwave waveguide 14 attached in the crowning of the processing room 10, and the crowning of the 
- processing room 10. The processing room 10 consists of plasma production field 10A and plasma treatment field 10B, 
and the stage 1 1 is allotted to plasma treatment field 10B. Moreover, the lamp which is the heating means 12 for 
heating the silicon semi-conductor substrate 20 is dedicated in the stage 1 1. A magnetron 15 is attached in a microwave 
waveguide 14, microwave (1GHz thru/or 100GHz) (for example, 2.45GHz microwave) is made to generate by the 
magnetron 15, and this microwave is introduced into plasma production field 10A of the processing room 10 through a 
microwave waveguide 14. Furthermore, hydrogen gas, oxygen gas, and nitrogen gas are introduced in the processing 
room 10 from each of the gas induction 16A, 16B, and 16C. Moreover, inert gas (for example, nitrogen gas) is 
introduced in the processing room 10 from the gas induction 17 arranged in the side face of the processing room 10. 
Various kinds of gas introduced in the processing room 10 is exhausted out of a system from the flueing section 18 
prepared in the lower part of the processing room 10. The heater 19 for controlling the temperature inside the 
processing room 10 so that the processing room 10 interior does not dew is arranged in the exterior of the processing 
room 10. 

[0043] A steam is made to generate in plasma production field 10A by irradiating microwave (1GHz thru/or 100GHz) 
(for example, 2.45GHz microwave) at oxygen gas and hydrogen gas. Some steams are in the plasma state. In plasma 
treatment field 10B, the front face of a semi-conductor layer oxidizes with this steam. Moreover, in plasma production 
field 10A, the front face of an oxide film is nitrided with the nitrogen content child, the nitrogen content child ion, 
nitrogen atom, or nitrogen atom ion of the excitation state generated by irradiating microwave (1GHz thru/or 100GHz) 
(for example, 2.45GHz microwave) at the controlled atmosphere containing nitrogen gas. 

[0044] In the example 1, the silicon semi-conductor substrate was used as a semi-conductor layer. Moreover, the pie 
ROJIE nick oxidation style was adopted in the example 1. The formation approach of the insulator layer of an example 
1 using the plasma treatment equipment shown in drawing 1 , and the manufacture approach of a p type semiconductor 
component Although (the p channel mold MOSFET in CMOSFET which specifically has dual gate structure) is 
hereafter explained with reference to typical drawing 2 of silicon semi-conductor substrate 20 grade which is a 
sectional view a part In advance of it, the conceptual diagram of the oxide-film formation equipment of the vertical 
mold method for forming silicon oxide based on a pie ROJIE nick oxidation style is explained with reference to 
drawing 3 . 

[0045] The oxidation furnace 30 (it is equivalent to a processing room) of the double pipe structure made from a quartz 
where the oxide-film formation equipment of this vertical mold method was held perpendicularly, The gas induction 32 
for introducing wet gas and /gas to the oxidation furnace 30, The flueing section 33 which exhausts wet gas and /gas 
from the oxidation furnace 30, and the heater 34 for holding the inside of the oxidation furnace 30 to predetermined 
ambient temperature through the liner tube 36 of the shape of a cylinder which consists of SiC, The substrate taking-out 
admission into a club 40 and the gas induction 41 for introducing inert gas, such as nitrogen gas, to the substrate taking- 
out admission into a club 40, it consists of a shutter 35 into which the flueing section 42 which exhausts gas from the 
substrate taking-out admission into a club 40, and the oxidation furnace 30 and the substrate taking-out admission into 
a club 40 are divided, and an elevator style 43 for carrying out carrying-in appearance of the silicon semi-conductor 
substrate 20 into the oxidation furnace 30. The quartz boat 44 for laying the silicon semi-conductor substrate 20 is 
attached in the elevator style 43. Moreover, wet gas is made to generate by mixing the hydrogen gas supplied to the 
combustion chamber 50 at an elevated temperature oxygen gas and in a combustion chamber 50, and making it burn. 
This wet gas is introduced in the oxidation furnace 30 through piping 51, a gas passageway 31, and the gas induction 
32. In addition, a gas passageway 31 is equivalent to the space between the wall of the oxidation furnace 30 of double 
pipe structure, and an outer wall. 

[0046] [a process -100] - the component isolation region 21 which has LOCOS structure by the well-known approach 
first in the silicon semi-conductor substrate 20 which is an N type silicon wafer (it produces in a CZ process) with a 
diameter of 8 inches which doped Lynn ~ forming ~ subsequently — a well - an ion implantation, a channel stop ion 
implantation, and a threshold adjustment ion implantation are performed. In addition, the component isolation region 
may have trench structure and may be the combination of LOCOS structure and trench structure. Then, RCA washing 
removes the particle metallurgy group impurity of the front face of the silicon semi-conductor substrate 20, 
subsequently, surface washing of the silicon semi-conductor substrate 20 by 0.1% hydrofluoric-acid water solution and 
pure water is performed, and the front face of the silicon semi-conductor substrate 20 is exposed (refer to (A) of 
drawin g 2 ). In addition, most is carrying out termination of the front face of the silicon semi-conductor substrate 20 
from hydrogen, and termination of the pole part is carried out with the fluorine. 

[0047] Nitrogen gas is introduced to the oxidation furnace 30 through the [process -110] piping 52, a combustion 
chamber 50, piping 51, a gas passageway 31, and the gas induction 32, and the inside of the oxidation furnace 30 is 
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made into nitrogen-gas-atmosphere mind, and the ambient temperature of the oxidation furnace 30 is held before and 
after 700-degreeC at a heater 34 through a liner tube 36. The shutter 35 is closed in this condition. The substrate taking- 
out admission into a club 40 is in the condition released by atmospheric air. 

[0048] After carrying in of [a process -120] and the silicon semi-conductor substrate 20 to the substrate carry in/out 
part 40 is completed, the door which is not illustrated is shut, nitrogen gas is introduced into the substrate carry in/out 
part 40 from the gas induction 41, and it discharges from the flueing section 42, and let the inside of the substrate carry 
in/out part 40 be nitrogen-gas-atmosphere mind. In addition, if it acts as the monitor of the oxygen gas concentration in 
the substrate carry in/out part 40 and oxygen gas concentration is set to 100 ppm or less, it will be judged that the inside 
of the substrate carry in/out part 40 fully became nitrogen-gas-atmosphere mind. Then, a shutter 35 is opened, the 
elevator style 43 is operated, a quartz boat 44 is raised, and the silicon semi-conductor substrate 20 is carried in in the 
oxidation furnace 30 of the double pipe structure made from a quartz. When the elevator style 43 arrives at the 
maximum rise location, it stops being open for free passage with the base of a quartz boat 44 between the oxidation 
furnace 30 and the substrate carry in/out part 40. 

[0049] After that [ [process -130] ], the temperature up of the ambient temperature of the oxidation furnace 30 of 
nitrogen-gas-atmosphere mind is carried out, and it is referred to as 800 - 900-degreeC. And oxygen gas and hydrogen 
gas are supplied in a combustion chamber 50 through piping 52 and 53, and the wet gas generated by mixing and 
burning hydrogen gas at an elevated temperature in oxygen gas and a combustion chamber 50 is introduced to the 
oxidation furnace 30 through piping 51, a gas passageway 31, and the gas induction 32, and is exhausted from the 
flueing section 33. An oxide film is formed in the front face of a semi-conductor layer of this. Specifically, silicon 
oxide is formed in the front face of the silicon semi-conductor substrate 20. In addition, the temperature in a 
combustion chamber 50 is held to 700-900-degreeC at a heater (not shown). 

[0050] After forming a with a thickness [ the 2nm thickness of a [process -140] request ], for example, thickness, oxide 
film, supply of the oxygen gas into a combustion chamber 50 and hydrogen gas is stopped. Subsequently Introducing 
inert gas, such as nitrogen gas, in the oxidation furnace 30, the ambient temperature of the oxidation furnace 30 is 
lowered till around 700-degreeC, subsequently, the elevator style 43 is operated, a quartz boat 44 is dropped, and, 
subsequently the silicon semi-conductor substrate 20 is taken out from the substrate taking-out admission into a club 
40. 

[005 1] [A process -1 50], next the silicon semi-conductor substrate 20 are carried in from the door which is not 
illustrated to the plasma treatment equipment shown in drawin g 1 , and are laid in a stage 1 1 . And nitrogen gas is 
introduced into the processing room 10 from gas induction 16C. It combines, microwave power is supplied to a 
magnetron 15, and the microwave (1GHz thru/or 100GHz) (for example, 2.45GHz microwave) generated by the 
magnetron 1 5 is introduced into plasma production field 1 OA of the processing room 1 0 through a microwave 
waveguide 14. This, i.e., by irradiating microwave at the controlled atmosphere which consists of 100% of nitrogen 
gas, the nitrogen content child, the nitrogen content child ion, nitrogen atom, or nitrogen atom ion of the excitation state 
generated in plasma production field 10A based on the above-mentioned formula (1-1) - (1-4) the reaction collides on 
the surface of an oxide film, and the front face of an oxide film (specifically silicon oxide) is nitrided. In addition, the 
nitrogen content child and nitrogen atom which are not ionized also reach plasma treatment field 10B similarly, and the 
front face of an oxide film is nitrided. In this way, the insulator layer 22 (in an example 1, it is a silicon oxidation 
nitride, and is equivalent to gate dielectric film) by which the front face was nitrided can be formed in the front face of 
a semi-conductor layer. This condition is typically shown in (B) of drawin g 2 . In addition, illustration of the part by 
which the oxide film was nitrided in drawing was omitted. The conditions of nitriding are illustrated to the following 
table 1 . In addition, the reason for making temperature of the silicon semi-conductor substrate 20 into a room 
temperature is for controlling that a nitrogen atom is spread in the silicon semi-conductor substrate 20 in nitriding 
treatment. 
[0052] [Table 1] 

Microwave power : lkW microwave frequency: 2.45GHz nitrogen quantity of gas flow : 0.4SLM pressure : 0.1 6Pa 
substrate temperature : Room temperature (25-degreeC) 

[0053] The temperature up of the silicon semi-conductor substrate 20 is carried out to 850-degreeC with the heating 
means 12, stopping installation of the nitrogen gas to the processing room 10 from gas induction 16C, and introducing 
inert gas into the processing room 10 from the gas induction 17 after that [ [process -160] ], if needed. And if the 
temperature of the silicon semi-conductor substrate 20 reaches 850-degreeC and the temperature is stabilized, heat 
treatment will be performed for 5 minutes by nitrogen quantity-of- gas-flow 4SLM. By this heat treatment, relaxation of 
the damage produced in the insulator layer can be aimed at. 

[0054] After that [ [process -170] ], a semi-conductor layer is taken out from plasma treatment equipment, and, 
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subsequently a semi-conductor layer (specifically silicon semi-conductor substrate 20) is carried in to a well-known 
CWD system. And the silicon layer (it sets in the example 1 and is a polish recon layer) which does not contain the 
impurity is produced on the whole surface with a CVD method. Subsequently, after introducing boron to the gate 
electrode for the p channel mold MOSFET and introducing Lynn to the gate electrode for the n channel mold MOSFET 
based on a well-known lithography technique and an ion-implantation technique, respectively, patterning of the silicon 
layer is carried out. By this, the gate electrode 23 which consists of the silicon layer (specifically polish recon layer) 
containing p form impurity for the p channel mold MOSFET can be formed on gate dielectric film 22 (refer to (C) of 
drawin g 2 ). It can combine and the gate electrode which consists of the silicon layer (specifically polish recon layer) 
containing n form impurity for the n channel mold MOSFET can be formed on gate dielectric film. 
[0055] [Process -180] A LDD field is formed after that using a well-known technique, next an insulating material layer 
is formed in the whole surface, an insulating material layer is etched based on an anisotropy dry etching technique, and 
a sidewall 24 is formed in the side attachment wall of the gate electrode 23. Subsequently, in order to form the source / 
drain field 25, after introducing Lynn into the field of the silicon semi-conductor substrate which should form the n 
channel mold MOSFET in the field of the silicon semi-conductor substrate which should form the p channel mold 
MOSFET for boron based on a well-known lithography technique and an ion-implantation technique, respectively, 
heat-of-activation processing of an impurity by which the ion implantation was carried out is performed. Then, form 
the layer insulation layer 26 in the whole surface with a CVD method, and opening is prepared in the upper layer 
insulation layer 26 of the source / drain field 25. A wiring material layer is formed in a spatter on the layer insulation 
layer 26 containing these opening circles. By carrying out patterning of the wiring material layer, wiring 27 can be 
formed and the typical p type semiconductor component (the p channel mold MOSFET in CMOSFET which 
specifically has dual gate structure) which shows a sectional view in part can be obtained to (D) of drawing 2 . 
[0056] (Example 2) An example 2 is deformation of an example 1 . Although the oxide film was formed by the pie 
ROJIE nick oxidizing method where the silicon semi-conductor substrate 20 is heated to 800-degreeC in an example 1, 
in an example 2, two steps of oxidization is performed based on a pie ROJIE nick oxidation style. Namely, after 
starting formation of an oxide film on the front face of a semi-conductor layer at the temperature to which the atom 
which mainly constitutes a semi-conductor layer from a front face of a semi-conductor layer is not desorbed from 
formation of an oxide film, A predetermined period and the 1st oxide-film formation process which holds a semi- 
conductor layer to the temperature requirement from which the atom which mainly constitutes a semi-conductor layer 
from a front face of a semi-conductor layer is not desorbed, and forms an oxide film in it, The oxide film consisted of 
the 2nd oxide-film formation process formed further until it became desired thickness at temperature higher than the 
temperature requirement from which the atom which mainly constitutes a semi-conductor layer from a front face of a 
semi-conductor layer is not desorbed. In addition, the oxide-film formation equipment shown in the plasma treatment 
equipment and drawin g 3 which were shown in drawing 1 also in the example 2 is used. Hereafter, the formation 
approach of the insulator layer of an example 2 and the manufacture approach (the p channel mold MOSFET in 
CMOSFET which specifically has dual gate structure) of a p type semiconductor component are explained. 
[0057] [Process -200] The [process -100] of an example 1 and the same process are performed first. 
[0058] [A process -210], next the silicon semi-conductor substrate 20 are carried in from the door which is not 
illustrated to the substrate carry in/out part 40 of the oxide film formation equipment shown in drawing 3 , and are laid 
in a quartz boat 44. In addition, nitrogen gas is introduced from the gas induction 32 to the oxidation furnace 30, and 
the inside of the oxidation furnace 30 is made into inert gas ambient atmospheres, such as nitrogen gas, (you may be a 
reduced pressure ambient atmosphere), and the ambient temperature in the oxidation furnace 30 is held to 350-degreeC 
at a heater 34 through a liner tube 36. In addition, the shutter 35 is closed in this condition. 

[0059] After carrying in of [a process -220] and the silicon semi-conductor substrate 20 to the substrate carry in/out 
part 40 is completed, the door which is not illustrated is shut, nitrogen gas is introduced into the substrate carry in/out 
part 40 from the gas induction 41, and it discharges from the flueing section 42, and let the inside of the substrate carry 
in/out part 40 be nitrogen-gas-atmosphere mind. In addition, if it acts as the monitor of the oxygen gas concentration in 
the substrate carry in/out part 40 and oxygen gas concentration is set to 100 ppm or less, it will be judged that the inside 
of the substrate carry in/out part 40 fully became nitrogen-gas-atmosphere mind. Then, a shutter 35 is opened, the 
elevator style 43 is operated, a quartz boat 44 is raised (climbing speed: a part for 250mm/), and the silicon semi- 
conductor substrate 20 is carried in in the oxidation furnace 30 of the double pipe structure made from a quartz. When 
the elevator style 43 arrives at the maximum rise location, it stops being open for free passage with the base of a quartz 
boat 44 between the oxidation furnace 30 and the substrate carry in/out part 40. Since the ambient temperature in the 
oxidation furnace 30 is held at the heater 34 at 350-degreeC (i.e., since the inside of the oxidation furnace 30 is held at 
the ambient temperature from which the hydrogen atom which carried out termination of the front face of the silicon 
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semi-conductor substrate 20 is not desorbed), it can control that a dry area occurs on the front face of the silicon semi- 
- conductor substrate 20. 

[0060] [Process -230] An oxide film is formed by oxidizing thermally the front face of a semi-conductor layer 
(specifically silicon semi-conductor substrate 20) in the ambient temperature from which the hydrogen atom which 
carried out termination of the front face of the silicon semi-conductor substrate 20 subsequently is not desorbed. 
Ambient temperature is held to 350-degreeC and, specifically, silicon oxide is formed in the front face of a semi- 
conductor layer (silicon semi-conductor substrate 20) by the pie ROJIE nick method. In an example 2, oxygen gas and 
hydrogen gas are supplied in a combustion chamber 50 through piping 52 and 53, the steam generated in the 
combustion chamber 50 is introduced in the oxidization furnace 30 through piping 51, a gas passageway 3 1 , and the 
gas induction 32, and silicon oxide with a thickness of l.Onm is formed in the front face of the silicon semi-conductor 
substrate 20 with a pie ROJIE nick oxidation style. The generation condition of a steam based on the pie ROJIE nick 
method is illustrated to the following table 2. 
[0061] [Table 2] 

hydrogen quantity-of-gas-flow: - 5SLM oxygen gas flow rate: - 10SLM combustion temperature : 750-degreeC 
[0062] The temperature up of the ambient temperature in the oxidation furnace 30 of oxide-film formation equipment is 
carried out to 800-degreeC with the programming rate for 10-degreeC/at a heater 34 through a liner tube 36, stopping 
installation of the wet gas into the oxidation furnace 30, and introducing inert gas (nitrogen gas) in the oxidation 
furnace 30 after that [ [process -240] ], through piping 52, a combustion chamber 50, piping 51, a gas passageway 31, 
and the gas induction 32. Since the oxide film which functions also as a protective coat is already formed in the front 
face of a semi-conductor layer at [the process -230], in this the [process -240], a dry area does not occur on the front 
face of a semi-conductor layer (silicon semi-conductor substrate 20). 

[0063] After the ambient temperature in the oxidization furnace 30 reaches ambient temperature (it sets in the example 
2 and is 800-degreeC) higher than the ambient temperature range where a hydrogen atom is not desorbed from the front 
face of a [process -250] semi-conductor layer, where an ambient atmosphere is held to this temperature, the 2nd oxide- 
film formation process which forms an oxide film further is performed with a pie ROJIE nick oxidation style. 
Specifically oxygen gas and hydrogen gas are supplied in a combustion chamber 50 through piping 52 and 53, the 
steam generated in the combustion chamber 50 is again, introduced in the oxidization furnace 30 through piping 51, a 
gas passageway 31, and the gas induction 32, and an oxide film with a total thickness of 2nm is formed in the front face 
of a semi-conductor layer (silicon semi-conductor substrate 20) with a pie ROJIE nick oxidation style. In addition, 
ambient temperature (it sets in the example 2 and is 800-degreeC) when formation of the oxide film of desired 
thickness is completed is higher than the ambient temperature at the time of starting formation of an oxide film on the 
front face of a semi-conductor layer (it sets in the example 2 and is 350-degreeC). 

[0064] By the above, since formation of the oxide film in the front face of a semi-conductor layer is completed The 
inside of the oxidization fiirnace 30 is made into inert gas ambient atmospheres, such as nitrogen gas, the elevator style 
43 is operated and a quartz boat 44 is dropped. Henceforth, subsequently Although the door which is not illustrated 
may be opened and the silicon semi-conductor substrate 20 may be taken out, when meaning formation of the silicon 
oxide which has a still higher property, it is desirable to perform heat-treatment explained below to an oxide film. 
[0065] The temperature up of the ambient temperature of the oxidation furnace 30 is carried out to 850-degreeC at a 
heater 34, stopping installation of a steam and introducing nitrogen gas in the oxidation furnace 30 from the gas 
induction 32 [a process -260, i.e., after that,]. Then, the nitrogen gas which does 0.1 capacity % content of a hydrogen 
chloride is introduced in the oxidation furnace 30 from the gas induction 32, and heat-treatment is performed for 30 
minutes. By the above, the process which forms an oxide film in the front face of a semi-conductor layer is completed. 
Henceforth, the inside of the oxidization furnace 30 is made into nitrogen-gas-atmosphere mind, the elevator style 43 is 
operated, a quartz boat 44 is dropped, and, subsequently the silicon semi-conductor substrate 20 is taken out from the 
substrate carry in/out part 40. 

[0066] A p type semiconductor component can be obtained by performing [process -150] - [a process -180] after [a 
process -270]. [ of an example 1 ] In addition, above-mentioned heat-treatment may be performed following on the 
[process -130] of an example 1. 

[0067] (Example 3) In an example 3, an oxide film is formed in the front face of a semi-conductor layer instead of a pie 
ROJIE nick oxidation style based on a plasma oxidation method. In an example 3, a plasma oxidation method and 
plasma nitriding are performed using the plasma treatment equipment shown in drawing 1 . Hereafter, the formation 
approach of the insulator layer of an example 3 and the manufacture approach (the p channel mold MOSFET in 
CMOSFET which specifically has dual gate structure) of a p type semiconductor component are explained. 
[0068] [Process -300] The [process -100] of an example 1 and the same process are performed first. 
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[0069] After carrying in [a process -310], next the silicon semi-conductor substrate 20 from the door which is not 
. illustrated to the plasma treatment equipment shown in drawing 1 and laying them in a stage 1 1 , inert gas (for example, 
nitrogen gas) is introduced in the processing room 10 from the gas induction 17. And the silicon semi-conductor 
substrate 20 is heated to 800-degreeC with the heating means 12. 

[0070] After that [ [process -320] ] 5 installation into the processing room 10 of the inert gas (for example, nitrogen gas) 
as gas for dilution is interrupted, and hydrogen gas and oxygen gas are introduced in the processing room 10 from gas 
induction 16A and gas induction 16B. It combines, microwave power is supplied to a magnetron 15, and the 
microwave (for example, 2.45GHz microwave) wave (1GHz thru/or 100GHz) generated by the magnetron 15 is 
introduced into plasma production field 10A of the processing room 10 through a microwave waveguide 14. This, i.e., 
by irradiating microwave at hydrogen gas and oxygen gas, the reaction of an above-mentioned formula (2-1) - (2-4) a 
reaction and a formula (3), and a formula (4) arises, and a steam generates. The generated steam reaches plasma 
treatment field 10B located down the processing room 10, and the front face of the semi-conductor layer (specifically 
silicon semi-conductor substrate 20) heated by the heating means 12 oxidizes. In this way, an oxide film (it sets in the 
example 2 and is silicon oxide) with a thickness of 2nm can be formed in the front face of a semi-conductor layer. The 
formation conditions of an oxide film are illustrated to the following table 3. 
[0071] [Table 3] 

Microwave power : lOkW microwave frequency: 2.45GHz oxygen gas flow rate : 10SLM hydrogen quantity of gas 
flow : 0.2SLM substrate temperature : 800-degreeC [0072] The silicon semi-conductor substrate 20 is cooled to a room 
temperature, stopping installation of the hydrogen gas to supply of the microwave power to a magnetron 15, and the 
processing room 10, and oxygen gas, and introducing inert gas into the processing room 10 from the gas induction 17 
after that [ [process -330] ]. Subsequently, installation into the processing room 10 of the inert gas from the gas 
induction 17 is stopped. Then, nitrogen gas is introduced into the processing room 10 from gas induction 16C. It 
combines, microwave power is supplied to a magnetron 15, and the microwave (1GHz thru/or 100GHz) (for example, 
2.45GHz microwave) generated by the magnetron 15 is introduced into plasma production field 10A of the processing 
room 10 through a microwave waveguide 14. This, i.e., by irradiating an electromagnetic wave at nitrogen gas, the 
nitrogen content child, the nitrogen content child ion, nitrogen atom, or nitrogen atom ion of the excitation state 
generated at the above-mentioned formula (1-1) - (1-4) the reaction reaches plasma treatment field 10B located down 
the processing room 10, and the front face of an oxide film is nitrided. The conditions of plasma nitriding treatment are 
good similarly [ illustrated / to Table 1 ] then. 

[0073] A p type semiconductor component can be obtained by performing [process -160] - [a process -180] after that 
[ [process -340] ]. [ of an example 1 ] In addition, also in an example 3, two steps of oxidation explained in the example 
2 based on the plasma oxidation method may be performed. Moreover, heat-treatment explained in the example 2 may 
be performed to an oxide film. 

[0074] As mentioned above, although this invention was explained based on the desirable example, this invention is not 
limited to these examples. Various kinds of conditions of having explained in the example, and the structure of plasma 
treatment equipment and oxide-film formation equipment are instantiation, and can be changed suitably. 
[0075] For example, in the [process -240] of an example 2, the temperature up of the silicon semi-conductor substrate 
20 may be carried out to 800-degreeC, without stopping installation of the wet gas into the oxidation furnace 30. 
Moreover, although the temperature up of the temperature of the silicon semi-conductor substrate 20 was carried out to 
850-degreeC with the heating means in the [process -260] of an example 2, introducing inert gas (for example, nitrogen 
gas) in the oxidation furnace 30 Instead, the temperature up of the temperature of the silicon semi-conductor substrate 
20 may be carried out to 850-degreeC with a heating means, introducing the inert gas (for example, nitrogen gas) which 
does 0.1 capacity % content of hydrogen chloride gas, for example in the oxidation furnace 30 from the gas induction 
32. Furthermore, for example, hydrogen chloride gas may be included in the ambient atmosphere in each of the 1st 
oxide-film formation process, a temperature up process, and the 2nd oxide-film formation process. 
[0076] In an example, although the insulator layer was chiefly formed in the front face of a silicon semi-conductor 
substrate, an insulator layer can also be formed in the epitaxial silicon layer produced on the substrate based on the 
formation approach of the insulator layer of this invention, and an insulator layer can also be formed in front faces, 
such as a polish recon layer produced on the insulating layer formed on the substrate, or an amorphous silicon layer. Or 
an insulator layer may be formed in the front face of the silicon layer in SOI structure, and an insulator layer may be 
formed in the front face of the silicon layer produced on the substrate with which the component of a semiconductor 
device or a semiconductor device was formed, or these again. Furthermore, an insulator layer may be formed in the 
front face of the silicon layer formed on the substrate insulating layer produced on the substrate with which the 
component of a semiconductor device or a semiconductor device was formed, or these. The batch method which 
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processes not only a sheet method but two or more semi-conductor layers to coincidence can also perform formation of 
an oxide film, and/or nitriding treatment of the front face of an oxide film. 

[0077] Or although the semi-conductor layer was carried in to oxide-film formation equipment or plasma treatment 
equipment (these equipments are hereafter called oxide-film formation equipment etc. generically) again after a 
hydrofluoric-acid water solution and pure water performed surface washing of a semi-conductor layer 0.1% in the 
example, it is good also considering the ambient atmosphere to carrying in from the surface washing of a semi- 
conductor layer to oxide-film formation equipment etc. as an inert gas (for example, nitrogen gas) ambient atmosphere. 
In addition, such an ambient atmosphere makes the ambient atmosphere of the surface washing installation of for 
example, a semi-conductor layer an inert gas ambient atmosphere. And as a mimetic diagram is shown in the approach 
of dedicating a semi-conductor layer (for example, silicon semi-conductor substrate) in the box for conveyance where it 
filled up with inert gas, and carrying in to oxide-film formation equipment etc., and drawin g 4 Cluster tool equipments 
which consisted of a conveyance way, a loader, and an unloader, such as a surface washing installation and oxide-film 
formation equipment, are used. From a surface washing installation to oxide-film formation equipment can be attained 
on a conveyance way by the approach of making the ambient atmosphere of an epilogue, this surface washing 
installation, a conveyance way, oxide-film formation equipment, etc. an inert gas ambient atmosphere. 
[0078] Or surface washing of a semi-conductor layer may be performed by the gaseous-phase cleaning method using 
anhydrous hydrogen fluoride gas again on the conditions illustrated to Table 4 instead of a hydrofluoric-acid water 
solution and pure water performing surface washing of a semi-conductor layer 0.1%. In addition, a methanol is added 
for generating prevention of particle. Or surface washing of a semi-conductor layer may be performed by the gaseous- 
phase cleaning method using hydrogen chloride gas again on the conditions illustrated to Table 5. In addition, the 
ambient atmosphere of inside, such as an ambient atmosphere, a conveyance way, etc. in the surface washing 
installation before surface washing initiation of a semi-conductor layer and after surface washing completion, is good 
also as an inert gas ambient atmosphere, and good also as a vacuum ambient atmosphere of 1.3x1 0-1 Pa (10-3Torr) 
extent, for example, in addition, the ambient atmosphere of the oxide-film formation equipment at the time of carrying 
in a semi-conductor layer, in making the ambient atmosphere of inside, such as a conveyance way, into a vacuum 
ambient atmosphere etc. — the vacuum ambient atmosphere of for example, 1.3x1 0-1 Pa (10-3Torr) extent — carrying 
out - the ambient atmosphere of after the completion of carrying in of a semi-conductor layer, oxide-film formation 
equipment, etc. — an inert gas (for example, nitrogen gas) ambient atmosphere - then, it is good. 
[0079] [Table 4] 

Anhydrous hydrogen-fluoride gas: 300SCCM methanol steam : 80SCCM nitrogen gas : 1000SCCM pressure : 0.3Pa 
temperature : 60-degreeC [0080] [Table 5] 

Hydrogen-chloride gas / nitrogen gas: 1 capacity % temperature : 800-degreeC [0081] As a result of being able to 
maintain the front face of a semi-conductor layer at the condition that there is no contamination etc., before formation 
of an oxide film by adopting these approaches, it can prevent effectively moisture, the organic substance, or the 
property of an insulator layer that Si-OH was incorporated again and formed falling into the formed insulator layer, or a 
defective part occurring. 

[0082] Although hydrogen gas and oxygen gas are introduced in the processing room 10 in formation of an oxide film 
when adopting a plasma oxidation method as explained previously Under the present circumstances, in order to prevent 
that a detonating gas reaction arises when hydrogen gas flows in the processing room 10 and flows out out of a system, 
in order to prevent that the dry oxidation film is formed in a semi-conductor layer, and in order For example, in the 
[process -330] of an example 3, introducing the inert gas (for example, nitrogen gas) as gas for dilution of flow rate 
10SLM in the processing room 10 from the gas induction 17 What is necessary is to introduce the hydrogen gas of flow 
rate 0.2SLM in the processing room 10 from gas induction 16A, to start installation of the oxygen gas of flow rate 
10SLM in the processing room 10 from after that, for example, gas, induction 16B, and just to stop installation into the 
processing room 10 of the inert gas for dilution. Subsequently, microwave power is supplied to a magnetron 15 and the 
2.45GHz microwave generated by the magnetron 15 is introduced into plasma production field 10A of the processing 
room 10 through a microwave waveguide 14. By such actuation, the hydrogen gas concentration in the processing 
room 10 before steam generation can serve as a value low enough, it can prevent certainly that a detonating gas 
reaction arises, and, moreover, formation of the dry oxidation film can be prevented certainly. 
[0083] 

[Effect of the Invention] In this invention, since microwave is irradiated at nitrogen-gas-atmosphere mind that 
ionization promotion gas like argon gas is not included, or whether it is small contains it, the insulator layer which 
prevents the bad influence to the oxide film by the molecule or atom of ionization promotion gas, and has the 
outstanding property can be obtained. And since the front face of an oxide film is nitrided with plasma nitriding, there 
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is no bad influence to semiconductor device properties, such as a fall of current drive capacity. Furthermore, since an 
• oxide film is nitrided, as a result of p form impurity contained in a gate electrode passing gate dielectric film and 
reaching to a semi-conductor layer, for example by various kinds of heat treatments in the semiconductor device 
production process after gate electrode formation, the phenomenon of changing the threshold voltage of a PMOS 
semiconductor device is certainly avoidable. 



[Translation done.] 
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